Methods
Electromagnet experiments A small electromagnet was used with a mobile, steel, magnetic spherical test particle (4, 6, and 8 mm diameter) positioned on a base of Teflon® spheres to measure the impulse required to fully dislodge the mobile grain (Fig.   2 ), accounting for angle of repose and a range of particle weights. When a voltage is applied across the electromagnet, the resulting current through the magnet's coil induces a force on the steel sphere. The force induced on the magnetic grain is related to the applied voltage through the following relation:
where N is the number of turns of wire in the electromagnet, μ is permeability of the substance, A is the cross-sectional area of the magnet core, h is the air gap between magnet face and object, and R is the electrical resistance. The coefficient C that precedes V 2 in this equation
includes the parameters given above, which characterize the geometry of the physical arrangement as well as properties of the electromagnet. These parameters (and C) are constant for a given particle arrangement.
Combinations of the electromagnetically generated "top-hat" pulses of drag force, F D , and duration, T, were achieved by applying controlled voltages, V (2.5 -15 Volts), across the electromagnet for programmable time intervals, T (3 -63 ms). The minimum voltage step-size was 0.25 Volts and the rise time for the applied square voltage signal was 0.2 -0.4 ms. A high speed camera was operated at 2000 fps (frames-per-second) in these experiments to identify the electromagnetic pulses that lead to full particle dislodgements.
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Additional experiments were performed to confirm steady state conditions (F Dmin -T max )
for each configuration.
Initial and final flume experiments For all flow/particle interaction experiments we used a 20.5 m long, 0.6 x 0.6 m wide flume and a two-component laser Doppler velocimeter (4W Ar + LDV). The mobile particle was a fully-exposed Teflon® (specific gravity = 2.3) sphere (12.7 mm diameter) positioned on four layers of well-packed 8 mm diameter glass spheres (Fig. 4B) . A 25 mW He-Ne laser source and high sensitivity photomultiplier were used to detect movement of the mobile particle (10 µm resolution over 1 mm total range). 
